New U.S. National Stage of PCT/JP2004/009016 



REMARKS 

Claims 1 - 13 are pending in this application. By this Amendment, claims 3 - 6 and 
9 - 13 are amended to eliminate multiple dependencies. The specification is also amended to 
correct minor informalities. A marked-up copy of the originally filed specification and a 
clean substitute specification are also attached. Prompt and favorable consideration on the 
merits is respectfully requested. 



JAO:JSA/nxy 

Attachments: 

Marked-up Substitute specification 
Clean Substitute specification 

Date: December 21, 2005 

Oliff & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 



Respectfully submitted, 




Joel S. Armstrong 
Registration No. 36,430 



DEPOSIT ACCOUNT USE 

AUTHORIZATION 
Please grant any extension 

necessary for entry; 
Charge any fee due to our 
Deposit Account No. 15-0461 



-7- 



* 10/56259* 



New U.S. National Stage of PCT/JP2004/009016 

Filed December 21, 2005 



fec'd mm 21 DEC 2005 



MARKED-UP COPY 
OF SUB STITUTE 
SPECIFICATION 



DESCRJPTIO 



10/56259* 



4MF2B Ptec'd PC7/TT0 21 DEC 2QQ5, 



APPARATUS AND METHOD OF TREATING EXHAUST GAS 



5 FIELD OF THE INVENTION 

[0001] The present invention relates to an exhaust gas treating apparatus and an exhaust 
gas treating method. More particularly, the present invention relates to an exhaust gas 
treating apparatus and an exhaust gas treating method, which are capable of selectively 
treating substances to be treated contained in an exhaust gas. 

10 

BACKGROUND OF THE INVENTION 

[0002] There have been known that silent discharge is caused by applying a high-voltage 
alternating current or a periodic pulse voltage on a dielectric body disposed between two 
electrodes to generate a plasma field, where an active species, a radical, and an ion are 
1 5 formed to promote reaction and decomposition of gas and that this can be used for 

removing harmful components contained in engine exhaust gas or exhaust gas from various 
kinds of incinerators. 

[0003] For example, there is disclosed a plasma exhaust gas treating system which treats, 
e.g., NO x , carbon particulate, HC, and CO contained in engine exhaust gas or exhaust gas 
20 from various kinds of incinerators by passing the engine exhaust gas or exhaust gas from 
various kinds of incinerators through the plasma field (see, e.g., Japanese Patent Laid-open 
No. 164925/2001). 

DISCLOSURE OF THE INVENTION 
25 [0004] However, there arose a problem that each of a plurality of substances to be treated 
contained in exhaust gas requires independent electrode for generating plasma adequate for 
each substance when an exhaust gas containing a plurality of substances because intensity 
of plasma adequate for treating substances differs depending on each of the substances to be 
treated contained in exhaust gas, and thereby plasma aiming to treat a predetermined 
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substance cannot treat the other substances. In addition, there arose another problem of 
increasing electricity consumption because highly intensive plasma has to be generated in 
the case that a plurality of substances is treated with one kind of plasma using a pair of 
electrodes. Further, there arose another problem that a NO x reduction catalyst, which is 
5 used together with plasma and which needs fuel (hydrocarbon) contained in exhaust gas for 
catalyst reaction, cannot sufficiently exhibit its ability because hydrocarbon is completely 
oxidized by plasma when the NO x reduction catalyst is used together with highly intensive 
plasma. 

[0005] The present invention has been made in view of the above problems and provides 
10 an apparatus and a method of treating exhaust gas capable of selectively treating substances 
to be treated contained in the exhaust gas. 

[0006] In order to achieve the above aim, according to the present invention, there is 
provided the following apparatus and method of treating exhaust gas. 
[0007] [1] An exhaust gas treating apparatus comprising: 
15 a case body functioning as a passage of exhaust gas containing substances to be 

treated, and 

a plasma producing means capable of producing plasma inside the case body; and 
treating the substances to be treated contained in the exhaust gas by the plasma produced by 
the plasma producing means; 

20 wherein the plasma producing means has one or more each of a pulse electrode and 

a ground electrode that are oppositely disposed in the case body and has a pulse power 
source capable of feeding a pulse current to the pulse electrode, and by switching frequency 
and/or voltage value for different values at predetermined time intervals so that plasma of a 
kind adequate for the substances to be treated contained in an exhaust gas is produced 

25 between the pulse electrode and the ground electrode, the substances to be treated in the 
exhaust gas can selectively be treated (hereinafter sometimes referred to as "first 
invention"). 

[0008] [2] An exhaust gas treating apparatus according to the above [1], wherein the 
predetermined time intervals are 0.01 to 500 seconds. 
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[0009] [3] An exhaust gas treating apparatus according to the above [1] or [2], wherein the 
pulse power source can feed a pulse current by switching from a first pulse current having a 
frequency of 100 to 1000 Hz to a second pulse current having a frequency of 500 to 2500 
Hz, and vice versa. 

5 [0010] [4] An exhaust gas treating apparatus according to any one of the above [1] to [3], 
wherein the pulse power source can feed a pulse current by switching from a third pulse 
current having a voltage value of 2 to 5 kV to a fourth pulse current having a voltage value 
of 3 to 20 kV, and vice versa. 

[001 1] [5] An exhaust gas treating apparatus according to any one of the above [1] to [4], 

10 wherein the pulse electrode and/or the ground electrode comprise(s) a ceramic body 
functioning as a dielectric body and a conductive film disposed in the ceramic body.. 
[0012] [6] An exhaust gas treating apparatus according to any one of the above [1] to [5], 
which further comprises a catalyst on a downstream side of the plasma producing means in 
the passage of exhaust gas. 

1 5 [001 3] [7] An exhaust gas treating method treating substances to be treated contained in 
exhaust gas by plasma by producing the plasma in a passage of the exhaust gas containing 
the substances to be treated, wherein one or more each of a pulse electrode and a ground 
electrode are oppositely disposed, and a pulse current is fed by switching frequency and/or 
voltage value for different values at predetermined time intervals so that plasma of a kind 

20 adequate for the substances to be treated contained in the exhaust gas is produced between 
the pulse electrode and the ground electrode to selectively treat the substances to be treated 
in the exhaust gas (hereinafter sometimes referred to as "second invention"). 
[0014] [8] An exhaust gas treating method according to the above [7], wherein the 
predetermined time intervals are 0.01 to 500 seconds. 

25 [0015] [9] An exhaust gas treating method according to the above [7] or [8], wherein the 
pulse power source can feed a pulse current by switching from a first pulse current having a 
frequency of 100 to 1000 Hz to a second pulse current having a frequency of 500 to 2500 
Hz, and vice versa. 



4 



[0016] [10] An exhaust gas treating method according to any one of the above [7] to [9], 
wherein the pulse power source can feed a pulse current by switching from a third pulse 
current having a voltage value of 2 to 5 kV to a fourth pulse current having a voltage value 
of 3 to 20 kV, and vice versa. 
5 [0017] [11] An exhaust gas treating method according to any one of the above [7] to [10], 
wherein the exhaust gas is exhausted from an automobile engine, and the pulse current is 
supplied by switching, step-by-step, frequency and/or voltage for different values at 
predetermined time intervals in correspondence with change in revolution and/or load of 
the engine. 

10 [0018] [12] An exhaust gas treating method according to any one of the above [7] to [1 1], 
wherein the exhaust gas is exhausted from an automobile engine, and the predetermined 
time intervals for switching frequency and/or voltage value for different values is changed 
step-by-step in correspondence with change in revolution and/or load of the engine. 
[0019] [13] An exhaust gas treating method according to any one of the above [7] to [12], 

1 5 wherein a catalyst is further disposed on a downstream side of the portion where the plasma 
is produced in the passage of exhaust gas to further treat exhaust gas passed through the 
plasma by the catalyst. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] [Fig. 1] Fig. 1 is a schematic view showing an embodiment of an exhaust gas 
20 treating apparatus of the present invention (first invention). 

[Fig. 2] Fig. 2 is a schematic view showing another embodiment of an exhaust gas treating 
apparatus of the present invention (first invention). 

[Fig. 3(a)] Fig. 3 (a) is a schematic view showing a process of collecting soot on the ground 
electrode in an embodiment of an exhaust gas treating apparatus of the present invention 
25 (first invention). 

[Fig. 3(b)] Fig. 3 (b) is a schematic view showing a process of collecting soot on the ground 
electrode in an embodiment of an exhaust gas treating apparatus of the present invention 
(first invention). 

BEST MODE FOR CARRYING OUT THE INVENTION 
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EXAMPLES 

[0021] Embodiments of an apparatus and a method of treating an exhaust gas of the present 
invention will hereinbelow be described in detail based on Figures. However, the present 
invention is not limited to the embodiments, and various changes, modifications, and 
5 improvements may be given based on the knowledge of those in the art as long as they 
deviate from the scope of the present invention. 

[0022] In the first place, an exhaust gas apparatus of an embodiment of the present 
invention (first invention) is described. As shown in Fig. 1, an exhaust gas treating 
apparatus 1 of the present embodiment is provided with a case body 2 functioning as a 

10 passage of exhaust gas containing substances to be treated and a plasma producing means 3 
capable of producing plasma inside the case body 2, and treats the substances to be treated 
contained in the exhaust gas by the plasma produced by the plasma producing means 3; 
wherein the plasma producing means 3 has one or more each of a pulse electrode 4 and a 
ground electrode 5 that are oppositely disposed in the case body 2 and has a pulse power 

1 5 source 6 capable of feeding a pulse current to the pulse electrode 4, and by switching 

frequency and/or voltage value of the pulse current fed from the pulse power source 6 for 
different values at predetermined time intervals so that plasma of a kind adequate for the 
substances to be treated contained in an exhaust gas is produced between the pulse 
electrode 4 and the ground electrode 5, the substances to be treated in the exhaust gas can 

20 selectively be treated. 

[0023] In addition, an exhaust gas treating apparatus of the present embodiment may have 
the constitution further provided with a catalyst 10 on the downstream side of the plasma 
producing means 3 in an exhaust gas passage, for example, as shown in Fig. 2. By 
employing a catalyst which promotes NO x decomposition reaction as the catalyst 10, it 

25 becomes possible to treat N0 2 , or the like, which is difficult to be treated by plasma, by 

decomposition (reduction), and thereby exhausted gas can be discharged outside in cleaner 
condition. 

[0024] For example, in the present embodiment, it is preferable that the pulse power source 
6 can feed a current by switching at predetermined time intervals the first pulse current 
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(hereinafter sometimes referred to as a "low-frequency pulse current") having a relatively 
low frequency and capable of producing plasma adequate for treating nitrogen monoxide 
(NO), which is one of the substances to be treated contained in an exhaust gas, and the 
second pulse current (hereinafter sometimes referred to as a "high-frequency pulse 

5 current") having a relatively high frequency and capable of producing plasma adequate for 
treating soot , which is one of the substances to be treated contained in exhaust gas. By this 
constitution, it is possible to oxidize nitrogen monoxide (NO) to nitrogen dioxide (NO2) by 
plasma produced by a low-frequency pulse current (hereinafter sometimes referred to as 
"low-frequency plasma) and to produce well aldehyde, or the like, effective in improving 

1 0 performance of a NO x reduction catalyst by moderately oxidizing hydrocarbon (HC) 

contained in an exhaust gas. In addition, though it is almost impossible that low-frequency 
plasma treats soot contained in exhaust gas, it is possible to inhibit soot from being 
discharged outside the case body 2 without being treated because soot can be collected on 
the ground electrode 5 side by electrostatic collecting. 

1 5 [0025] The above electrostatic collecting is conducted in such a manner that an electron 12 
adheres to soot 1 1, the soot 1 1 is negatively electrified, and the soot 1 1 to which the 
electron 12 adheres is drawn on the positive electrode side, i.e., the ground electrode 5 side 
as shown in Fig. 3(a). 

[0026] Plasma produced by a high-frequency pulse current (hereinafter sometimes referred 
20 to as "high-frequency plasma") switched from a low-frequency pulse current can treat by 
oxidation at a stroke to the soot 1 1 collected on the ground electrode 5 side and the soot 1 1 
contained in the exhaust gas newly flew in with high-frequency plasma having high 
oxidizability as shown Fig. 3(b). Needless to say, nitrogen monoxide (NO) can be treated 
by oxidation to give nitrogen dioxide (N0 2 ) with the high-frequency plasma. However, 
25 since the high-frequency plasma has high oxidizability, most of hydrocarbon (HC) is 
completely oxidized by carbon dioxide (CO2) and water. 

[0027] In a conventional exhaust gas treating apparatus, a kind of plasma treatment was 
conducted in the case of treating substance to be treated using plasma. However, since an 
oxidizing treatment on soot requiring relatively high oxidizability and effective production 
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of aldehyde, or the like having an effect in improving performance of a NO x reduction 
catalyst are antinomic as described above, they could not stand together. 
[0028] In an exhaust gas treating apparatus of the present embodiment, since plasma 
having different conditions is produced at predetermined time intervals, substances to be 
5 treated can selectively be treated with at least one pair of electrodes (a pulse electrode 4 and 
a ground electrode 5) by producing aldehyde or the like having an effect in improving 
performance of a NO x reduction catalyst with treating NO on the one hand and treating soot 
requiring oxidizability on the other hand. 

[0029] In an exhaust gas treating apparatus 1 of the present embodiment as shown in Fig. 

10 1 , excited oxygen, which is excited by plasma actually oxidizes the substances to be treated 
contained in the exhaust gas passing between the pulse electrode 4 and the ground electrode 
5, and the amount of the oxygen in the excited state closely relates to oxidizability of the 
plasma. Oxygen in the excited state includes triplet excited oxygen (3P), which is stable 
and has low oxidizability, and singlet excited oxygen (ID), which is unstable and high 

1 5 oxidizability. More singlet excited oxygen (ID) is present in high-frequency plasma than 
in low-frequency plasma. Therefore, low-frequency plasma is adequate for oxidation of 
NO, and high-frequency plasma is adequate for oxidation of soot. 

[0030] However, since the singlet excited oxygen (ID) is unstable and has a short life span, 
sometimes the singlet excited oxygen (ID) is not diffused widely between the electrodes to 
20 exhibit insufficient oxidizability. In particular, oxidizability is sometimes further lowered 
because an electron sheath where plasma is hardly produced is formed in the periphery of 
soot collected by the electrode. 

[0031] Therefore, it is preferable that an exhaust gas treating apparatus 1 of the present 
embodiment not only directly produce the singlet excited oxygen (ID) with high-frequency 
25 plasma, but also produce ozone (0 3 ) with plasma produced between the electrodes and 

photodissociate the obtained ozone by emission of plasma to produce more singlet excited 
oxygen (ID). Specifically, ozone (0 3 ) is dissociated to an oxygen molecule (0 2 ) and 
singlet excited oxygen (ID) with light having a wavelength of 310 nm or less, and 
therefore, it is possible to produce more singlet excited oxygen (ID) by dissociating ozone 
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(0 3 ) produced by low-frequency plasma with emission of high-frequency plasma by 
making the exhaust gas treating apparatus 1 possible to feed a pulse current by switching 
the pulse power source 6 between a pulse current having a frequency capable of obtaining 
low-frequency plasma adequate for effectively producing ozone (0 3 ) and a pulse current 
5 having a frequency capable of obtaining high-frequency plasma adequate for emission of 
light containing much light having a wavelength of 310 nm or less. Further, by using ozone 
(0 3 ), the singlet excited oxygen (ID) is effectively produced even in the electron sheath 
where plasma is hardly produced. 

[0032] It is preferable that the pulse power source 6 used in the present embodiment can 
1 0 feed a pulse current by switching the first pulse current having a frequency of 1 00 to 1 000 
Hz and the second pulse current having a frequency of 500 to 2500 Hz for effectively 
obtaining the aforementioned function and effect. 

[0033] The pulse power source 6 used in the present embodiment may be able to feed a 
pulse current by switching to different voltage value at predetermined time intervals with 

1 5 keeping frequency the same. Alternatively, it may be able to feed a pulse current by 

switching to different frequency and different voltage value at predetermined time intervals. 
In the case that a pulse current is fed by switching to different voltage value, the apparatus 
should be able to switch the pulse power source 6 between the third pulse current 
(hereinafter sometimes referred to as a "low-voltage pulse current") having relatively low 

20 voltage value and being capable of producing plasma adequate for treating nitrogen 

monoxide (NO), which is one of the substances to be treated contained in an exhaust gas 
and the fourth pulse current (hereinafter sometimes referred to as a "high- voltage pulse 
current") having relatively high voltage and being capable of producing plasma adequate 
for treating soot, which is one of the substances to be treated contained in an exhaust gas. 

25 By this constitution, the same function and effect as in the aforementioned case having 
different frequencies can be obtained. In particular, by changing a low-frequency pulse 
current to low voltage to generate more ozone with low-frequency low-voltage plasma and 
further changing a high-frequency pulse current to high-voltage to increase emission of 
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high-frequency high-voltage plasma and promote dissociation of ozone, efficiency of 
oxidizing soot contained in an exhaust gas can further be improved. 
[0034] In the case when pulse currents having different voltage values are fed, the voltage 
value of each pulse current is not particularly limited. For example, in the case of treating 
5 an automobile exhaust gas, the pulse power source 6 is preferably able to feed a pulse 

current by switching the third pulse current of 2 to 5 kV (low-voltage pulse current) and the 
fourth pulse current of 3 to20 kV (high-voltage pulse current). When the voltage value of 
the third pulse current (low-voltage pulse current) is below 2 kV, oxidation of NO is 
sometimes insufficient. When the voltage value of the third pulse current (low-voltage 
1 0 pulse current) is above 5 kV, hydrocarbon is sometimes oxidized completely. When the 
voltage value of the fourth pulse current (high-voltage pulse current) is below 3 kV, 
oxidation of soot is sometimes insufficient. When the voltage value of the fourth pulse 
current (high-voltage pulse current) is above 20 kV, the pulse power source 6 is too large, 
which causes a problem of mounting and sometimes causes a problem of electromagnetic 
1 5 trouble to the circumference. 

[0035] Though a time interval for switching frequencies and/or voltage values depends on 
the size of the exhaust gas treating apparatus 1, each frequency, each voltage value, etc., it 
is preferably 0.01 to 500 seconds, and more preferably 0.01 to 10 seconds. A time interval 
for switching the above-mentioned frequencies may be determined by a pulse number in 
20 each condition. For example, in the case of treating an automobile exhaust gas with feeding 
a pulse current by switching between two kinds of frequencies, the time interval is 
predetermined in such a manner that the pulse number of the low-frequency pulse current is 
preferably 1 to 50000 times, more preferably 3 to 50000 times, with respect to one pulse of 
the high-frequency pulse current having higher frequency. When the pulse number of the 
25 low-frequency pulse current with respect to one pulse of the high-frequency pulse current is 
below 1, production of aldehyde, or the like effective in improving performance of a NO x 
reduction catalyst is sometimes insufficient. When the pulse number of the low-frequency 
pulse current with respect to one pulse of the high-frequency pulse current is above 50000, 
time for collecting soot on the ground electrode 5 becomes too long, and the soot 
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sometimes cannot be treated completely by high frequency plasma after switching 
frequency. Incidentally, the same applies in the case of voltage value. 
[0036] As length (period) of a pulse of a pulse current fed from the pulse power source 6 
used in the present embodiment, in the case of feeding a pulse current with switching two 
5 kinds of frequency, the time corresponding with a half width of the maximum voltage value 
of one pulse is preferably 0.8 to 200 usee., more preferably 0.8 to 50 usee, for the length 
(period) of one pulse having high frequency. When the length of one pulse of a pulse 
current is below 0.8 usee., efficiency of oxidizing soot is sometimes lowered. When it is 
above 50 usee., a consumption amount of electric power sometimes increases. For the 
1 0 length (period) of one pulse having low frequency, the time corresponding with a half width 
of the maximum voltage value of one pulse is preferably 1 to 500 usee, more preferably 1 
to 100 usee. When the length of one pulse of a pulse current is below 1 usee, efficiency of 
oxidizing NO is sometimes lowered, and an effect of electrostatic collection is sometimes 
insufficient. When it is above 50 usee., efficiency of electric power is sometimes lowered. 
1 5 [0037] A pulse power source 6 used in the present embodiment is not particularly limited 
as long as it can feed a pulse current as described above. For example, there may suitably 
be used a pulse power source using a thyristor, a pulse power source using a transistor other 
than a thyristor, or the like. 

[0038] Though there is no particular limitation on constitution of the pulse electrode 4 and 
20 the ground electrode 5 used in the present embodiment, it is preferable that the constitution 
can produce plasma uniformly between the electrodes. For example, as the electrode on the 
negative electrode (pulse electrode 4) side, there may suitably be used an electrode 
constituted by a ceramic body functioning as a dielectric body and a conductive film 
disposed inside the ceramic body. Though the electrode on the positive electrode (ground 
25 electrode 5) side is preferably a conductive body from the viewpoint of maintaining 

electrostatic collection, it may be an electrode having the same structure as the negative 
electrode. In addition, though distance between the pulse electrode 4 and the ground 
electrode 5 is not particularly limited, it is preferably 0.3 to 5 mm so that plasma can 
effectively be produced between oppositely disposed electrodes. When the distance is 
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above 5 mm, effect in collecting dust is sometimes insufficiently obtained. In addition, it is 
preferable that a plurality of pulse electrodes 4 and ground electrodes 5 are disposed, for 
example, in a laminated condition alternately so that a ground electrode 5 faces a pulse 
electrode 4 on each side of the pulse electrode as shown in Fig. 1 . The number of the pulse 
5 electrodes 4 and the ground electrodes 5 is not particularly limited. 

[0039] Though there is no particular limitation on material for a case body 2 used in the 
present embodiment, in the case of disposing an exhaust gas treating apparatus 1 of the 
present embodiment in, for example, an automobile, a conductive metal is used as the 
material for the case body 2. It is preferable to connect a part of the case body 2 with the 
1 0 ground electrode 5 and further with a ground line of the automobile, or the like electrically. 
[0040] In the exhaust gas treating apparatus 1 shown in Fig. 2, a plasma producing means 3 
disposed on the exhaust gas generating side (upstream side) of an exhaust gas passage is 
connected with a catalyst 10 disposed on the exhaust side via a pipe 14. Incidentally, there 
may be employed the constitution where the catalyst 10 on the downstream side is directly 
1 5 connected with the plasma producing means 3 in the present embodiment. 

[0041] The exhaust gas treating apparatus 1 shown in Fig. 2 can purify, for example, NO x 
in an exhaust gas in an oxygen excess atmosphere. That is, with plasma produced by the 
plasma producing means 3, NO x is reformed so that it is easily purified by the catalyst 10 
on the downstream side, or HC (hydrocarbon), or the like in an exhaust gas is reformed so 
20 that it easily reacts with NO x , and NO x is purified by the catalyst 10. 

[0042] The plasma producing means 3 used in the exhaust gas treating apparatus 1 
converts NO x in exhaust gas generated by combustion of a lean burn, gasoline-injection 
engine, a diesel engine, or the like, in an oxygen excess atmosphere into N0 2 by plasma. In 
addition, the plasma producing means 3 produces an active species from HC, or the like in 
25 an exhaust gas, and constituted in a manner similar to the plasma producing means 3 shown 
in Fig. 1 can suitably be employed. 

[0043] The catalyst 10 is disposed on the downstream side of the plasma producing means 
3 in the exhaust system as a catalyst unit 13 provided with a catalyst member including a 
substrate having a plurality of fine pores where an exhaust gas passes. The catalyst member 
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has a substrate and a catalyst layer formed so as to cover the inner wall surface surrounding 
the plurality of fine pores of the substrate. The catalyst unit 13 is exemplified by a 
conventionally known NO x treating apparatus. 

[0044] Since the catalyst layer is produced generally by immersing the substrate in a 
5 slurried catalyst (catalyst slurry) as described below, it is sometimes called a wash coat 
(layer). 

[0045] A shape of the substrate is not particularly limited in the present invention as long 
as it has a space where an exhaust gas circulates, and a honeycomb-shaped substrate having 
a plurality of fine pores is used in the present embodiment. 

1 0 [0046] The substrate is preferably formed with material having thermal resistance. 

Examples of such material include porous material s (coramics)ceramics such as cordierite, 
mullite, silicon carbide (SiC), and silicon nitride (Si 3 N 4 ) and metals (e.g., stainless steel). 
[0047] The catalyst layer is formed using a carrier of porous material and one selected from 
Pt, Pd, Rh, Au, Ag, Cu, Fe, Ni, Ir, Ga, and the like, or a combination thereof which is 

1 5 loaded on a surface of the carrier of porous material as the main portion. Inside the catalyst 
layer, a plurality of continuous fine pores which continue to the fine pores of the substrate. 
[0048] The porous carrier can be produced by using one suitably selected from, for 
example, alumina, zeolite, silica, titania, zirconia, silica alumina, ceria, and the like. 
Incidentally, a catalyst, which promotes decomposition reaction of NO x is used as the 

20 catalyst 10. 

[0049] Next, an embodiment of an exhaust gas treating method of the present invention 
(second invention) is specifically described. An exhaust gas treating method of the present 
embodiment treats substances to be treated contained in an exhaust gas by plasma produced 
in a passage of the exhaust gas containing the substances to be treated, wherein one or more 
25 each of a pulse electrode and a ground electrode are oppositely disposed, and a pulse 
current is fed by switching frequency and/or voltage value for different values at 
predetermined time intervals so that plasma of a kind adequate for the substances to be 
treated contained in an exhaust gas is produced between the pulse electrode and the ground 
electrode to selectively treat the substances to be treated in the exhaust gas. 
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[0050] By this constitution, substances to be treated contained in an exhaust gas can 
selectively be treated by feeding a pulse current by switching between a pulse current 
having low frequency (hereinafter sometimes referred to as a "low-frequency pulse 
current") adequate for treating nitrogen monoxide (NO) contained in an exhaust gas and a 
5 pulse current having high frequency (hereinafter sometimes referred to as a "high- 
frequency pulse current") adequate for treating soot in the case of, for example, treating an 
exhaust gas discharged from an automobile engine. 

[005 1] Plasma produced by a low-frequency pulse current (hereinafter sometimes referred 
to as "low-frequency plasma") can effectively treat nitrogen monoxide (NO), which is a 

1 0 substance contained in exhaust gas by oxidation to give nitrogen dioxide (N0 2 ) and 

moderately oxidize hydrocarbon (HQ contained in an exhaust gas to produce aldehyde, or 
the like, which has an effect in improving performance of a NO x reduction catalyst. In 
addition, though low-frequency plasma cannot treat soot contained in an exhaust gas, since 
it can collect soot on the ground electrode side by an effect of electrostatic collection, it can 

1 5 effectively inhibit soot from being discharged outside without being treated. 

[0052] Plasma produced by a high-frequency pulse current (hereinafter sometimes referred 
to as "high-frequency plasma") can give an oxidizing treatment at a stroke to the soot 
collected on the ground electrode side and the soot contained in the exhaust gas newly flew 
in with plasma having high oxidizability. Needless to say, nitrogen monoxide (NO) can be 

20 treated to be oxidized to give nitrogen dioxide (N0 2 ) by the plasma having high 
oxidizability. 

[0053] Therefore, according to an exhaust gas treating method of the present embodiment, 
soot contained in an exhaust gas can effectively be oxidized, and aldehyde, or the like, 
having an effect in improving performance of a NO x reduction catalyst can be produced, 
25 and thereby an exhaust gas can effectively be treated by an exhaust gas treating method of 
the present embodiment, for example, as an exhaust gas treatment before the exhaust gas is 
introduced into a NO x treating apparatus using a NO x reduction catalyst. 
[0054] In an exhaust gas treating method of the present embodiment, a pulse current is 
preferably fed by switching between the first pulse current having a relatively low 
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frequency of 100 to 1000 Hz and the second pulse current having a relatively high 
frequency of 500 to 2500 Hz. 

[0055] In the present embodiment, a pulse current may be fed by switching voltage value 
for different values at predetermined time intervals with keeping frequency the same. 
5 Alternatively, a pulse current may be fed by switching frequency and voltage value for 
different values at predetermined time intervals. In the case of feeding a pulse current by 
switching voltage value for different values, it is preferable to alternately feed the third 
pulse current having relatively low voltage value (hereinafter sometimes referred to as a 
"low-voltage pulse current") capable of producing plasma adequate for treating nitrogen 
1 0 monoxide (NO) which is one of the substances to be treated contained in exhaust gas and 
the fourth pulse current having relatively high voltage value (hereinafter sometimes referred 
to as a "high-voltage pulse current") capable of treating soot which is one of the substances 
to be treated contained in exhaust gas. This constitution can give the same function and 
effect as the case having different frequencies described above. In particular, by changing a 
1 5 low-frequency pulse current to low voltage to generate more ozone with low-frequency 

low-voltage plasma and further changing a high-frequency pulse current to high-voltage to 
increase emission of high-frequency high-voltage plasma and promote dissociation of 
ozone, efficiency of oxidizing soot contained in an exhaust gas can further be improved. 
[0056] In the case when pulse currents having different voltage values are fed, the voltage 
20 value of each pulse current is not particularly limited. For example, in the case of treating 
an automobile exhaust gas, the pulse power source is preferably able to feed a pulse current 
by switching the third pulse current of 2 to 5 kV (low-voltage pulse current) and the fourth 
pulse current of 3 to20 kV (high-voltage pulse current). When the voltage value of the third 
pulse current (low-voltage pulse current) is below 2 kV, oxidation of NO is sometimes 
25 insufficient. When the voltage value of the third pulse current (low-voltage pulse current) 
is above 5 kV, hydrocarbon is sometimes oxidized completely. When the voltage value of 
the fourth pulse current (high-voltage pulse current) is below 3 kV, oxidation of soot is 
sometimes insufficient. When the voltage value of the fourth pulse current (high-voltage 
pulse current) is above 20 kV, the pulse power source is too large, which causes a problem 
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of mounting and sometimes causes a problem of electromagnetic trouble to the 
circumference. 

[0057] Though a time interval for switching frequencies depends on the size of the pulse 
electrode, each frequency, each voltage value, etc., it is preferably 0.01 to 500 seconds, and 
more preferably 0.01 to 10 seconds. A time interval for switching the above-mentioned 
frequencies may be determined by a pulse number in each condition. For example, in the 
case of treating an automobile exhaust gas with feeding a pulse current by switching 
between two kinds of frequencies, the time interval is predetermined in such a manner that 
the pulse number of the low-frequency pulse current is preferably 1 to 50000 times, more 
preferably 3 to 50000 times, with respect to one pulse of the high-frequency pulse current 
having higher frequency. When the pulse number of the low-frequency pulse current with 
respect to one pulse of the high-frequency pulse current is below 1, production of aldehyde, 
or the like effective in improving performance of a NO x reduction catalyst is sometimes 
insufficient. When the pulse number of the low-frequency pulse current with respect to one 
pulse of the high-frequency pulse current is above 50000, time for collecting soot on the 
ground electrode 5 becomes too long, and the soot sometimes cannot be treated completely 
by high frequency plasma after switching frequency. Incidentally, the same applies in the 
case of voltage value. 

[0058] Incidentally, as a pulse electrode, a ground electrode, and a power source (pulse 
power source) for feeding a pulse current used for an exhaust gas treating method of the 
present embodiment, the pulse electrode, ground electrode and pulse power source 
described in the embodiment of the first invention can suitable be employed. 
[0059] Since components of an engine exhaust gas of an automobile greatly changes in 
accordance with changes of driving conditions of an engine, various kinds of conditions for 
producing plasma adequate for treating an exhaust gas, i.e., adequate values of voltage of a 
pulse current, frequency, time intervals for switching these, etc., are sometimes different in 
accordance with this change. Therefore, in the present embodiment, in the case of an 
exhaust gas discharged from an automobile engine, it is preferable to feed a pulse current 
by switching frequency and/or voltage value for different values in stages at predetermined 
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time intervals in correspondence with change in revolution and/or load of the engine, and it 
is preferable that the predetermined time for switching frequency and/or voltage value for 
different values is changed step-by-step in correspondence with change in revolution and/or 
load of the engine. For example, it is preferable to previously determine values of two or 
5 more stages for frequency and/or voltage value and time intervals for switching these in 
correspondence with change in revolution and/or load of the engine so as to change 
frequency and/or voltage value and time intervals for switching these according to driving 
conditions of the engine. 

[0060] As the engine driving conditions, revolution and load are important, and by 

1 0 controlling various signals which relate to these, e.g., an output signal of a revolution meter, 
an output signal of an intake-air flowmeter, a control signal for a fuel injection amount, an 
accelerator opening signal, an exhaust gas temperature signal, and an exhaust NO x 
concentration signal, for example, frequency and/or voltage value and time intervals for 
switching these can be controlled to one of the previously determined values in two or more 

1 5 stages. Signals for the control are not limited to the signals described above, and it is, of 
course possible to use another signal which relates to revolution and load. 
[0061] In an exhaust gas of the present embodiment, an exhaust gas treating apparatus 1 
having a catalyst 10 may be disposed on downstream side of a portion where plasma is 
generated in an exhaust gas passage as shown in Fig. 2 to further treat an exhaust gas after 

20 passing the plasma. As described above, the exhaust gas treating apparatus 1 shown in Fig. 
2 is provided with a plasma producing means 3 disposed in an exhaust gas passage and a 
catalyst 10 disposed on downstream side of the plasma producing means 3. A catalyst 
facilitating NO x decomposition reaction, e.g., a NO x reduction catalyst is used as the 
catalyst 10. By treating exhaust gas with such an exhaust gas treating apparatus 1, NO x 

25 such as N0 2 , which has difficulty in treating by plasma, can be decomposed (reduced), and 
exhaust gas can be discharged outside in a cleaner condition. 

[0062] The present invention is hereinbelow described specifically with referring to 
Examples. However, the present invention is by no means limited to these Examples. 
[0063] (Examples 1 to 7) 
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Pulse electrodes and ground electrodes were formed by disposing a tungsten 
conductive film by printing inside a ceramic body constituted by alumina. Five pulse 
electrodes and five ground electrodes were alternately disposed oppositely inside a case 
body, and further a pulse power source capable of switching frequencies and voltage values 
was connected to the pulse electrodes to obtain an exhaust gas treating apparatus (Examples 
1 to 7). 

[0064] Each of the pulse electrodes and ground electrodes had dimensions of 90 mm x 50 
mm x 1 mm thick. Distance (mm) between the oppositely disposed electrodes in the 
exhaust gas treating apparatus of each Example is shown in Table 1. 
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[0066] As shown in Table 1, pulse currents having different frequencies and voltage 
values was fed to an exhaust gas treating apparatus in each of Examples 1 to 7 at two 
time intervals of Period A and Period B. Frequencies (Hz), voltage values (kV) in Period 
A and Period B and the numbers of pulse (time) of pulse currents in each period are 

5 shown in Table 1 . 

[0067] An exhaust gas imitating an exhaust gas discharged from an engine was sent to 
the exhaust gas treating apparatus in each of Examples 1 to 7. The exhaust gas contained 
a mixed gas consisting of 10% by volume of oxygen, 10% by volume of C0 2 , 133 ppm 
of propylene, 67ppm of propane, 200 ppm of NO gas, and nitrogen as the rest and soot 
1 0 mixed in the gas at 1 000 mg/hr. There was measured concentration of hydrocarbon 
(HC), nitrogen monoxide (NO), and nitrogen dioxide (N0 2 ) contained in gas after the 
treatment with an exhaust gas treating apparatus; presence/absence of aldehyde, and mass 
of soot after the treatment. The results are shown in Table 1. Incidentally, concentration 
of hydrocarbon is shown by mass in terms of carbon (ppmC). 
1 5 [0068] The exhaust gas treated with an exhaust gas treating apparatus of Examples 1 to 7 
had reduced nitrogen monoxide (NO) and contained aldehyde, which has an effect in 
improving performance of a NO x reduction catalyst. In addition, soot was also reduced to 
an amount less than the detectable limit of the detection apparatus. 
[0069] (Comparative Examples 1 to 5) 
20 There were produced an exhaust gas treating apparatuses (Comparative Examples 

1 to 5) having the same constitution as the exhaust gas treating apparatus of Example 1 
except that the power source constituting the exhaust gas treating apparatus can feed a 
pulse current having only one kind of frequency and voltage value. Distance (mm), 
frequency (Hz) and voltage value (kV) of each space between adjacent electrodes are 

25 shown in Table 1 . 

[0070] An exhaust gas was sent to each exhaust gas treating apparatus of Comparative 
Examples 1 to 5 in the same manner as in Example 1, and there was measured 
concentration of hydrocarbon (HC), nitrogen monoxide (NO), and nitrogen dioxide 
(N0 2 ) contained in gas after the treatment with an exhaust gas treating apparatus; 
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presence/absence of aldehyde, and mass of soot after the treatment. The results are 
shown in Table 1 . Incidentally, concentration of hydrocarbon is shown by mass in terms 
of carbon (ppmC). 

[0071] Though soot was not detected from the exhaust gas treated with any exhaust gas 
treating apparatus of Comparative Examples 1 to 4, neither aldehyde, which has an effect 
in improving performance of a NO x reduction catalyst, nor hydrocarbon (HC) were 
detected. Though aldehyde was detected from the exhaust gas treated with an exhaust 
gas treating apparatus of Comparative Examples 2 or 3, a large amount of soot was 
contained. 

INDUSTRIAL APPLICABILITY 

[0072] As described above, according to the present invention, there can be provided an 
exhaust gas treating apparatus and an exhaust gas treating method capable of selectively 
treating substances to be treated contained in an exhaust gas. 



